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(57) ABSTRACT 

The invention relates to an optical device which can increase 
the spread of a beam diameter in the depthwise direction by a 
simple con?guration in comparison with that by prior art 
devices. The optical device includes a substrate, an optical 
path formed on the substrate, and a diffraction propagation 
region, provided between the optical path and an end face of 
the substrate, for propagating light emitted from the optical 
path with diffraction. The diffraction propagation region 
includes a ?rst groove, formed therein, adapted to block part 
of components of the propagated light in a depthwise direc 
tion of the substrate. 

8 Claims, 12 Drawing Sheets 
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OPTICAL MODULE AND OPTICAL 
SWITCHING DEVICE 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
The present invention relates to an optical device suitable 

for use With an optical communication system. 
2) Description of the Related Art 
An optical Waveguide device is an optical device Which 

implements various functions by using an optical Waveguide 
for con?ning light in a region formed in a dielectric medium 
and having a refraction index to propagate the light therein. 
For example, an optical Waveguide device Which con?gures a 
Mach-Zehnder interferometer using a dielectric substrate 
such as lithium niobate (LiNbO3: hereinafter referred to as 
LN) has a very high electro-optic constant and has a high 
response speed in comparison With a device Which has a 
thermal-optic (TO) effect. Therefore, the optical Waveguide 
device of the type described is Widely used as an optical 
modulator, an optical sWitch, a variable optical attenuator and 
so forth. 

HoWever, it is knoWn that, With such an optical Waveguide 
device for Which a dielectric substrate of LN or the like is used 
as described above, a phenomenon called temperature drift 
that the operating point shifts in response to a temperature 
variation and another phenomenon called DC drift that the 
operating point shifts in response to application of a DC 
signal latently occur. If the operating point shifts in response 
to occurrence of a temperature drift or a DC drift, then the 
optical output characteristic of the optical Waveguide device 
varies. Therefore, for example, in the case of an optical modu 
lator, modulation in a normally ?xed state cannot be achieved. 

In particular, an optical output of a Mach-Zehnder type 
optical modulator varies in accordance With cos2(Aq)/2). The 
parameter M) in the expression represents a phase variation 
amount applied by an interacting portion of the Mach-Ze 
hnder interferometer and is represented, in the case of a Z-cut 
LN substrate, by a relationship of Aq):{rc~ne3 ~y33~l/(7vd)}~V, 
Where ne is the refraction index of the optical Waveguide, V33 
the electro-optic constant, 1 the length of electrodes provided 
on tWo parallel optical Waveguides, 7» the optical Wavelength, 
d the distance betWeen electrodes, and V the applied voltage. 
The optical output characteristic of the optical modulator is 
represented by such a curve as shoWn in FIG. 11 Wherein the 
axis of abscissa represents the applied voltage V. 

In such an optical modulator as described above, it is 
desired usually to set the operating point so as to be placed in 
a middle state betWeen an on state and an off state When the 

applied voltage betWeen the electrodes is 0 V. HoWever, as 
seen in FIG. 11, an actual operating point is frequently dis 
placed (shifts) from the desired operating point because of a 
fabrication error, various stresses and so forth. Against such 
displacement of the operating point, generally a DC bias is 
applied to carry out adjustment of the actual operating point to 
the desired operating point. 

HoWever, since the operating point adjusted by a DC bias 
shifts in response to such a DC drift as described above, in 
order to achieve stabiliZation of the operating point, it is 
necessary to normally monitor an optical output and control 
the DC bias based on a result of the monitoring. Such moni 
toring of an optical output as just described is used restric 
tively only for an optical modulator, but is required, for 
example, also in a Mach-Zehnder type variable optical 
attenuator, to adjust the optical attenuation amount in 
response to a temperature variation or the like. 
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2 
Japanese Patent Laid-Open No. 2003-233047 (hereinafter 

referred to as Patent Document 1) discloses a con?guration 
Which includes, in order to obtain monitor light of an intensity 
suitable for use in the bias control described above, a moni 
toring optical Waveguide for guiding part of output light as 
monitor light and an attenuation section for attenuating the 
monitor light. 

Incidentally, as one of such optical Waveguide devices as 
just described, an optical Waveguide device of a butt joint type 
con?guration is knoWn Wherein, in order to guide an emitted 
optical signal to an output optical ?ber, an end face of an 
optical Waveguide and the output optical ?ber are directly 
connected to each other. In an optical Waveguide device hav 
ing the butt joint type con?guration, for example, as shoWn in 
FIG. 12, a ?ber ?xing member 120 such as a V-groove ?ber 
block or a glass ferrule is used to ?x an output optical ?ber 110 
to an emission end face of an optical Waveguide 101A Which 
is formed on a substrate 100 together With an optical 
Waveguide 101B and can output main signal light so that 
required connection strength of the output optical ?ber to the 
end face of the optical Waveguide is secured. 

It may seem a possible idea to form such an optical 
Waveguide device having a butt joint type con?guration as 
described above With reference to FIG. 12 such that, in order 
to monitor the optical output from the optical Waveguide 
101B, for example, a light reception device 130 for optical 
output monitoring is disposed on the reverse side of the ?ber 
?xing member 120 (on the opposite side to the optical 
Waveguide device). HoWever, interference disposition 
betWeen the output optical ?ber 110 and the light reception 
device 130 not only makes it dif?cult to dispose the light 
reception device 130 at a position at Which monitor light can 
be su?iciently received but also makes it di?icult for the light 
reception device 130 to su?iciently receive monitor light 
emitted from the optical Waveguide 101B on the monitor side 
because the ?ber ?xing member 120 makes as an obstacle. 

International Publication No. 2004/092792 (hereinafter 
referred to as Patent Document 2) disclosed a technique 
Wherein a groove is formed in the proximity of an end portion 
of a monitoring optical Waveguide on the optical output side 
on a substrate on Which an optical Waveguide is formed such 
that light outputted from the monitoring optical Waveguide is 
re?ected by a re?ecting face provided by a side Wall of the 
groove so that the re?ection light is emitted from a side face 
of the substrate. Consequently, an output side end face of an 
output optical Waveguide to Which the output light is guided 
and the side face of the substrate to Which monitor light is 
guided are con?gured as different faces from each other so 
that the interference disposition betWeen the output optical 
?ber 110 and the light reception device 130 in the optical 
Waveguide device described above With reference to FIG. 12 
can be prevented. HoWever, in the technique disclosed in 
Patent Document 2, While a light reception device such as a 
photodiode is disposed in the proximity of the device in order 
to receive monitor light, if the spread in mode diameter of 
monitor light at a light reception position is small, then it is 
necessary to adjust the incorporation position of the light 
reception device With high accuracy. 
On the other hand, Japanese Patent Laid-Open No. 2005 

345554 (hereinafter referred to as Patent Document 3) dis 
closed a different technique Wherein a side Wall of a groove 
for re?ecting light outputted from a monitoring optical 
Waveguide is formed in a convex shape as in the technique of 
Patent Document 2 described above such that the beam diam 
eter of monitor light re?ected from the side Wall is spread by 
diffraction so as to achieve increase of the position adjust 
ment tolerance When a light reception device for receiving 
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monitor light emitted from the substrate side face side is 
incorporated. For example, in FIG. 4 of Patent Document 3, it 
is illustrated to increase the spread of monitor light after 
re?ection in a horiZontal direction of a substrate face, and, in 
FIG. 13 of Patent Document 3, a technique is illustrated 
Wherein the shape of a side Wall face of a re?ection groove in 
a depthWise direction is formed as a convex shape toWard the 
outside of the groove so that the spread in beam diameter in a 
depthWise direction by diffraction is provided more effec 
tively than in an alternative case Wherein the shape of the side 
Wall face of the re?ection groove in the depthWise direction is 
formed as a straight shape. 

HoWever, While, in the above-described technique dis 
closed in Patent Document 3, the shape of the side Wall face 
of the re?ection groove in the depthWise direction is formed 
as a convex shape toWard the outside of the groove so that the 
spread of the beam diameter in the depthWise direction by the 
diffraction increases, in such a situation that the depth is 
limited from a requirement for security of required strength of 
a substrate, a high technique is required for such a method 
Wherein the shape of a side Wall face of a re?ection groove in 
the depthWise direction is formed as a convex shape as 
described above, and it is not easy to obtain a con?guration 
Wherein an expected spread by diffraction can alWays be 
obtained. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a tech 
nique Which can increase the spread of abeam diameter in the 
depthWise direction by a simple con?guration in comparison 
With that by the conventional techniques. 

It is another object of the present invention to provide an 
optical device Which can increase the tolerance relating to the 
mounting position of a light reception device in comparison 
With the conventional techniques to further facilitate adjust 
ment of the mounting position of the light in comparison With 
that in the conventional techniques. 

It is to be noted that, in addition to the objects described 
above, also it shall be understood as an object of the present 
invention to achieve such effects as are provided by the con 
stitutions of several embodiments of the present invention 
hereinafter described but are not provided by the conventional 
techniques. 

In order to attain the objects described above, according to 
an aspect of the present invention, there is provided: 

(1) an optical device, comprising a substrate, an optical 
path formed on the substrate, and a diffraction propagation 
region, provided betWeen the optical path and an end face of 
the substrate, for propagating light emitted from the optical 
path With diffraction, Wherein the diffraction propagation 
region includes a ?rst groove, formed therein, adapted to 
block part of components of the propagated light in a depth 
Wise direction of the substrate. 

(2) In the optical device according the paragraph (1), the 
optical path may be con?gured so as to emit light in an 
obliquely doWnWard direction With respect to a horizontal 
plane of the substrate on Which the optical path is formed. 

(3) In the optical device according to the paragraph (1) or 
(2), the optical device may further comprise an optical 
Waveguide formed on the substrate, the substrate includes a 
second groove, formed on the output side of the optical 
Waveguide therein, adapted to re?ect light outputted from the 
optical Waveguide, and the optical path may include the opti 
cal Waveguide formed on the substrate and a path Wherein the 
light is re?ected by the second groove. 
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4 
(4) In the optical device according to the paragraph (3), the 

optical path may further include a ridge optical path formed 
on the doWnstream side in the light propagation direction With 
respect to the re?ection groove. 

(5) In the optical device according to the paragraph (4), the 
ridge optical path may be con?gured so as to be sandWiched 
by a pair of third grooves formed on the opposite sides With 
respect to the light propagation direction. 

(6) In the optical device according to the paragraph (5), one 
of the third grooves may be formed integrally With the second 
groove. 

(7) In the optical device according to the paragraph (3), the 
optical device may further comprise an optical Waveguide for 
a main signal formed on the substrate, and the optical 
Waveguide may include an optical monitoring Waveguide 
adapted to monitor guide a monitor light for monitoring the 
main signal. 

In this manner, With the present invention, there is an 
advantage that, since the value of the NA of the substrate 
surface in the vertical direction can be increased by the ?rst 
groove, the tolerance in the vertical direction With respect to 
the substrate surface regarding the mounting position of the 
light reception device can be increased With a simple con?gu 
ration and adjustment of the mounting position can be carried 
out easily in comparison With that by the conventional tech 
niques. 
The above and other objects, features and advantages of the 

present invention Will become apparent from the folloWing 
description and the appended claims, taken in conjunction 
With the accompanying draWings in Which like parts or ele 
ments are denoted by like reference characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective vieW shoWing an optical 
device according to a ?rst embodiment of the present inven 
tion; 

FIGS. 2 and 3 are vieWs shoWing a con?guration of part of 
the ?rst embodiment; 

FIGS. 4 to 7 are vieWs illustrating derivation of the dispo 
sition and siZe of a ?rst groove for increasing the beam diam 
eter in a vertical direction after re?ection by a second groove 
in the ?rst embodiment; 

FIG. 8 is a vieW shoWing part of an optical device according 
to a second embodiment of the present invention; 

FIGS. 9(A), 9(B) and 10 are diagrams illustrating Working 
effects of the second embodiment of the present invention; 

FIG. 11 is a diagram illustrating an operating point shift; 
and 

FIG. 12 is a vieW illustrating a conventional technique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the folloWing, embodiments of the present invention are 
described With reference to the draWings. 

It is to be noted that the present invention is not limited to 
the embodiments described beloW. Further, not only the 
objects described above but also other technical subjects, 
means for solving the technical subjects and operation/Work 
ing-effects become apparent from the folloWing disclosure of 
the embodiments of the present invention. 

[A ] Description of the First Embodiment of the 
Present Invention 

A ?rst embodiment of the present invention is described 
beloW With reference to the draWings. 
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FIG. 1 is a schematic perspective vieW showing an optical 
device 20-1 according to the ?rst embodiment of the present 
invention. Referring to FIG. 1, the optical device 20-1 shoWn 
includes a substrate 10, a Mach-Zehnder type optical 
Waveguide 11 formed on an upper face 11A of the substrate 
10, an electrode 12 formed on the upper face 10A of the 
substrate 10 along the optical Waveguide 11, a ?rst groove 
1311, a second groove 13b, a diffraction propagation region 
1011, a light reception device 14 Which may be a photodiode or 
the like, and a block 15. 

For example, a Z-cut LN substrate or the like is used as the 
substrate 10. The optical Waveguide 11 includes an input 
Waveguide 11A, an input side coupler 11B, parallel 
Waveguides 11C and 11D, an output side coupler 11E, a main 
signal light output Waveguide 11F and a monitor light output 
Waveguide 11G, and con?gures a Mach-Zehnder interferom 
eter. 

In the input Waveguide 11A, an end thereof facing a side 
face (left side face in FIG. 1) of the substrate 10 receives light 
L, and the other end thereof is connected to one of tWo input 
ports of the input side coupler 11B. The input side coupler 
11B branches the light L from the input Waveguide 11A into 
tWo lights and applies the branched lights individually to the 
parallel Waveguides 11C and 11D. The output side coupler 
11E multiplexes the lights propagated along the parallel 
Waveguides 11C and 11D and branches the multiplexed light 
into main signal light Ls and monitor light Lm so as to be 
applied to the main signal light output Waveguide 11F and the 
monitor light output Waveguide 11G, respectively. Here, as 
the input side and output side couplers 11B and 11E, for 
example, a directional coupler or a multimode interference 
(MMI) coupler is used. 
The electrode 12 is con?gured, for example, from elec 

trode patterns 12A and 12B and electrode pads 12C. The 
electrode pattern 12A is patterned in a required shape Wherein 
it passes above the parallel electrode 11D. On the other hand, 
the electrode pattern 12B is patterned in a required shape 
Wherein it passes above the parallel electrode 11C in a spaced 
relationship by a ?xed distance from the electrode pattern 
12A. The electrode pads 12C correspond to terminals for 
applying a high-frequency electric signal to the electrode 
patterns 12A and 12B. It is to be noted that, Where one of the 
electrode patterns is used as a ground electrode, an electrode 
pad of the ground electrode is connected to a ground terminal. 

FIG. 2 is a vieW illustrating particularly a manner Wherein 
the light Lm propagated along the monitor light output 
Waveguide 11G is diffracted as light Lm' re?ected by the 
second groove 13b and is inputted to the light reception 
device 14. Here, the second groove 13b is a re?ection groove 
Which is formed in the proximity of an end portion of the 
monitor light output Waveguide 11G on the output side and 
re?ects the light Lm outputted from the monitor light output 
Waveguide 11G. 

In particular, While a side face portion of the second groove 
13b opposed to the monitor light output Waveguide 11G side 
is con?gured as a re?ection face for totally re?ecting the 
monitor light Lm emitted from a terminal end of the monitor 
light output Waveguide 11G, the side face portion is con?g 
ured such that the re?ection light Lm' is propagated toWard a 
substrate side face (substrate longitudinal side face) 10B dif 
ferent from the emission end face of the main signal light 
output Waveguide 11F as shoWn in FIG. 2. 

FIG. 3 is a sectional vieW taken along line A-A' in FIG. 2. 
As shoWn in FIG. 3, the side face portion of the second groove 
13b is inclined by an angle 6 (for example, approximately 10 
degrees) With respect to a vertical direction of the substrate 
10, and the re?ection light Lm' re?ected by the side face 
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6 
portion is propagated doWnWardly in FIG. 3 in the inside of 
the substrate 10. In this instance, since light outputted from 
the monitor light output Waveguide 11G is propagated in 
parallel to the surface of the substrate 10 and is inputted to the 
second groove 13b, the angle of the re?ection light Lm' With 
respect to the surface of the substrate 10 is 26. 

Further, the light reception device 14 receives the monitor 
light Lm' re?ected by the second groove 13b and emitted from 
the longitudinal side face 10B of the substrate 10. In particu 
lar, the light reception device 14 is con?gured so as to receive 
the monitor light Lm' re?ected by the re?ection groove 13 and 
emitted from the longitudinal side face 10B of the substrate 
and generate an electric signal Which varies in response to the 
poWer of the monitor light Lm'. 
The electric signal as a result of the light reception can be 

applied to bias voltage control for the Mach-Zehnder type 
optical modulator con?gured from the optical Waveguide 11 
and electrode 12 described above. In particular, the DC bias 
described is feedback controlled based on the electric signal 
generated in response to the monitor light Lm' and obtained 
from the light reception device 14 so that stabiliZation of an 
operating point can be achieved. 

Here, in a substrate region betWeen the second groove 13b 
and the longitudinal side face 10B of the substrate 10 from 
Which light is emitted toWard the light reception device 14, 
the diffraction propagation region 1011 is provided along 
Which the light emitted (re?ected) from the second groove 
13b is propagated With diffraction. In particular, the light Lm' 
re?ected by the second groove 13b is emitted from the sub 
strate end face to the light reception device 14 in a state 
Wherein the beam diameter thereof is increased. In other 
Words, as shoWn in FIG. 2, the optical path 16 formed on the 
substrate 10 is con?gured from the monitor light output 
Waveguide 11G and a path along Which light is re?ected by 
the second groove 13b. 

Then, the ?rst groove 13a for reducing the beam diameter 
of propagated light in the depthWise direction of the substrate 
10 is formed in the diffraction propagation region 10a. While 
the light Lm' passes beloW the ?rst groove 13a in the substrate 
When the light Lm' propagates in a portion along Which the 
?rst groove 13a is formed as shoWn in FIG. 3, part of the 
re?ection light beam is cut by the groove 1311, or in other 
Words, the range spread by diffraction is limited, thereby to 
enhance the beam con?ning effect (to increase the value of the 
NA (Numerical Aperture) so that an action of the diffraction 
spreading of the light Lm' after passed through the ?rst groove 
13a in the depthWise direction of the substrate 10 can be still 
further increased. 

Since, by such an increasing function of the beam diameter 
by the ?rst groove 1311 as described above, the tolerance for a 
position at Which the light reception device 14 for receiving 
re?ection light is to be disposed can be increased, adjustment 
of the mounting position of the light reception device 14 on 
the longitudinal side face of the substrate can be carried out 
easily. In particular, by forming the ?rst groove 13a, the beam 
diameter of light emitted from the substrate longitudinal side 
face 10B in a vertical direction of the substrate can be 
increased in comparison With that of an alternative case 
Wherein the ?rst groove 13a is not formed. By increasing the 
beam diameter in this manner, When light reception position 
adjustment is carried out so that de?ned light poWer is 
received by the light reception device 14, the light reception 
position in the vertical direction of the substrate surface can 
be adjusted Within a range of a comparatively Wide range. 

It is to be noted that the ?rst and second grooves 13a and 
13b are formed at predetermined positions on the upper face 
of the substrate 10, for example, by utiliZing a photolithog 
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raphy method or the like, and, for example, the groove dis 
closed in Patent Document 2 or 3 described above can be 
applied as the second groove 13b. Further, if the beam diam 
eter of light propagated through the diffraction propagation 
region 1011 in the depthWise direction of the substrate 10 can 
be reduced, then a diffraction spreading effect on the doWn 
stream side of the ?rst groove 1311 can be increased. There 
fore, as long as the diffraction spreading effect is obtained, 
not only an arbitrary contour shape and depth but also an 
optical distance from the second groove 13b can be applied to 
the ?rst groove 1311. 

However, if the ?rst groove 13a to Which the contour shape 
and depth and the distance from the second groove 13b 
described above are optimally applied is formed, then an 
optimum diffraction spreading effect can be obtained. FIGS. 
4 to 7 are vieWs illustrating derivation of the siZe and dispo 
sition of the ?rst groove 13a for increasing the beam diameter 
of light after re?ection by the second groove 13b in a vertical 
direction. 

If it is assumed that the shape of light re?ected by the 
second groove 13b is a Gaussian beam shape, the beam diam 
eter of the light re?ected by the side face portion Which forms 
the re?ection face portion of the second groove 13b gradually 
increases as the light propagates along the diffraction propa 
gation region 1011 as seen in FIG. 4. At this time, if the optical 
Wavelength is represented by 7», the beam diameter upon 
re?ection by the second groove 13b by W0 and the distance 
after re?ection by the second groove 13b by Z, then the beam 
diameter W (Z) (Width equal to 1/e2) at Z is given by the 
folloWing expression (1): 

FIG. 5 is a vieW illustrating an example of the spread of the 
beam diameter at the light propagation position Z Where the 
beam diameter W0 upon re?ection by the second groove 13b 
is W0:l0 um. In the case illustrated in FIG. 5, the beam 
diameter does not increase very much Where the distance 
from the second groove 13b is up to approximately 50 um. 
Accordingly, Within a range Within Which the beam diameter 
does not increase very much as described above, even if the 
distance on an axis parallel to the surface of the substrate 10 
from the center of the beam is represented by Z, the beam 
diameter W can be derived as a beam diameter similar to that 

derived in accordance With the expression (1). 
In this instance, for example, as shoWn in FIG. 6, the ?rst 

groove 13a is formed at a propagation position on the doWn 
stream side of the re?ection light displaced by the distance Z 
from the second groove 13b. At this time, Where the depth at 
the position Z in the ?rst groove 13a is represented by Gh (Z) 
and an upper portion of a beam from the position of dh 
upWardly With respect to the beam center is cut by the ?rst 
groove 13a, the depth Gh (Z) can be represented by the fol 
loWing expression (2) by using an angle 6 of the groove and a 
value of dh: 

Gh(z):(h0—dh)+(ot+z)-tan(26) (2) 

Where h0 is the distance from the substrate surface to the 
beam center at the second groove 13b and 0t is the distance 
(h0-tan 6) betWeen a point at Which the beam center comes 
into the ?rst groove 13a and an end portion of the ?rst groove 
1311 on the surface of the substrate 10. Since 0t has a su?i 
ciently loW value With respect to Z, the expression (2) can also 
be approximated to an expression (2'). 

Gh(z):(h0—dh)+z-tan(26) (2') 

In this manner, the depth of the ?rst groove 1311 can be 
de?ned as given by the expression (2') from the inclination 
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8 
angle 6 of the re?ection face of the second groove 13b, the 
position Z at Which the groove 13a is formed, and the distance 
dhbetWeen the bottom face portion of the ?rst groove 13a and 
the beam center. FIG. 7 is a diagram illustrating a relationship 
of the depth Gh (Z) of the ?rst groove 13a to the position Z at 
Which the ?rst groove 13a is formed Where the values of dh, 
h0 and 6 are set in advance to predetermined values. 

It is to be noted that, in order to simplify the formation step 
of the ?rst and second grooves 13a and 13b, Where it is 
assumed to form the ?rst and second grooves 13a and 13b 
through the same process, preferably the ?rst and second 
grooves 13a and 13b have an equal depth. Where almost all of 
the light of the monitor Waveguide 11G is re?ected, approxi 
mately 6 to 7 pm is required for the depth of the second groove 
13b although it depends upon the production condition of the 
Waveguide. In this instance, if it is assumed that Gh (Z) is set 
6 to 7 pm, then Z is determined uniquely by the expression 
(2'). Here, 6 and h0 are determined depending upon process 
conditions and dh is determined in advance depending upon 
the tolerance Width at the position of the light reception 
device. In this manner, the formation position of the ?rst 
groove 1311 Which can be represented by Z can be derived 
uniquely. 

In the optical Waveguide device 20-1 con?gured in such a 
manner as described above, the light L provided to the light 
inputting side face of the substrate 10 is propagated along the 
input Waveguide 11A and branched into tWo lights by the 
input side coupler 11B, and the branched lights individually 
propagate along the parallel Waveguides 11C and 11D. At this 
time, in response to an electric signal applied to the electrode 
patterns 12A and 12B, a phase difference is providedbetWeen 
the lights propagated along the parallel Waveguides 11C and 
11D, and the lights are multiplexed by the output side coupler 
11E. Thereafter, the multiplexed light is branched into main 
signal light Ls and monitor light Lm. The main signal light Ls 
is propagated along the main signal light Waveguide 11F and 
then emitted from the side face of the substrate 10. 

Further, the monitor light is outputted from the end portion 
of the monitor light output optical Waveguide 11G and is 
totally re?ected by the second groove 13b such that the propa 
gation direction thereof is changed over. At this time, since 
the re?ection face of the second groove 13b is inclined 
obliquely With respect to the vertical direction of the substrate 
10, the monitor light Lm' totally re?ected by the second 
groove 13b is propagated in the diffraction propagation 
region 1011 in the substrate 10 and diverted doWnWardly from 
the surface 10A of the substrate 10. 

Then, When the light Lm' passes the diffraction propaga 
tion region 1011 (inside of the substrate 10) corresponding to 
the position at Which the ?rst groove 13a is formed, the beam 
diameter of the propagated light in the depthWise direction of 
the substrate 10 can be reduced by the ?rst groove 13a. 
Therefore, the beam con?ning effect can be increased. Con 
sequently, a diffraction spreading action of the light Lm' after 
passed through the ?rst groove 13a in the vertical direction 
With respect to the substrate surface 10A is increased in 
comparison With that in an alternative case Wherein the ?rst 
groove 13a is not formed. Accordingly, the tolerance of the 
disposing position of the light reception device 14 in the 
vertical direction With respect to the substrate surface 10A 
can be increased. 

It is to be noted that the light reception device 14 receives 
the monitor light Whose beam diameter is increased and out 
puts an electric signal having a level corresponding to the 
light quantity of the monitor light. A control section not 
shoWn receives the electric signal from the light reception 
device 14 and carries out feedback control of the voltage of a 
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DC bias to be applied to the electrode 12 in response to the 
level of the electric signal. Consequently, stabilization of the 
operating point and so forth can be achieved. 

In this manner, With the optical device 20-1 according to 
the ?rst embodiment of the present invention, there is an 
advantage that, since the value of the NA in the vertical 
direction of the substrate surface 10A can be increased by the 
?rst groove 1311, the tolerance of the mounting position of the 
light reception device 14 in the vertical direction With respect 
to the substrate surface 10A can be increased With a simple 
con?guration and adjustment of the mounting position can be 
simpli?ed in comparison With the conventional technique. 

It is to be noted that, in the ?rst embodiment described 
above, the re?ection face of the second groove 13b may be 
con?gured in a planar shape or may be con?gured so as to 
function as a convex face shape With respect to incoming light 
as disclosed in Patent Document 3 mentioned hereinabove. 
Since, if the re?ection face of the second groove 13b is con 
?gured in such a manner as just described, then the diffraction 
spread of the re?ection light can be increased in comparison 
With that in an alternative case Wherein the shape of the 
re?ection face of the second groove 13b is a planar shape, not 
only the effect of the diffraction spread of the re?ection light 
by the ?rst groove 1311 but also the tolerance for the mounting 
position of the light reception device 14 can be improved. 

[B ] Description of the Second Embodiment of the 
Present Invention 

FIG. 8 is a vieW shoWing part of an optical device 20-2 
according a second embodiment of the present invention as 
vieWed from above and particularly illustrating a manner 
Wherein light re?ected by the second groove 13b in the ?rst 
embodiment is propagated toWard the substrate end face 10B. 
As seen in FIG. 8, in the optical device 20-2 according to 

the second embodiment, the second groove (re?ection 
groove) 13b in the ?rst embodiment described above is con 
?gured as a groove having an elliptical pro?le, and a pair of 
third grooves 130-1 and 130-2 for forming a ridge optical path 
11H are further formed on the doWnstream side of the second 
groove 13b in the light propagation direction. 

In particular, the paired ridge grooves 130-1 and 130-2 as 
the third grooves are formed at a portion to Which re?ection 
light just after light from the monitor light output Waveguide 
11G is re?ected by the second groove 13b is propagated and 
the region sandWiched by the ridge grooves 130-1 and 130-2 
is con?gured as the ridge optical path 11H Wherein the spread 
of the re?ection light in a direction toWard the surface of the 
substrate 10 is suppressed by diffraction. 

In particular, the ridge optical path 11H is formed by form 
ing the third grooves 130-1 and 130-2 on the left and right of 
the region Which is a portion at Which monitor light just after 
re?ection by the second groove 13b is still passing in the 
proximity of the surface of the substrate 1 0 and through Which 
the monitor light passes, and part of the monitor light is cut on 
the left and right sides thereof so as to increase the NA of the 
monitor light in the left and right direction (horizontal direc 
tion to the substrate 10). The third grooves 130-1 and 130-2 
can be formed in a spaced relationship from each other so that 
the ridge optical path 11H is formed so as to have, for 
example, a Width of approximately 7 um. 

Accordingly, the ridge optical path 11H formed on the 
doWnstream side in the light propagation direction With 
respect to the second groove 13b cooperates With the monitor 
light output Waveguide 11G and a path on Which light is 
re?ected by the second groove 13b to con?gure an optical 
path 16A formed on the substrate 10. 
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10 
It is to be noted that, since one (in FIG. 8, the groove 13c-1) 

of the paired grooves 130-1 and 130-2 can be formed inte 
grally With the second groove 13b as shoWn in FIG. 8, at least 
the grooves 130-1 and 130-2 can be formed through the same 
processing procedure. Consequently, the processing proce 
dure can be simpli?ed. Also it is possible to fabricate the 
grooves 13b, 1311, 130-1 and 130-2 through the same process 
ing procedure, and, in this instance, the depths of the grooves 
13b, 13a, 130-1 and 130-2 can be set substantially equal to 
each other. 

In the optical device 20-2 according to the second embodi 
ment con?gured in such a manner as described above, in 
addition to the beam expansion function (refer to FIG. 3) in 
the depthWise direction of the substrate 10 by the ?rst groove 
1311 similar to that according to the ?rst embodiment 
described above, a beam expansion function in the horiZontal 
direction (substrate surface direction) of the substrate 10 can 
be implemented by propagating the monitor light along the 
ridge optical path 11H just after re?ection by the second 
groove 13b as shoWn in FIG. 8. 

FIG. 9(A) is a vieW illustrating an intensity distribution 
(A1) of the monitor light emitted from the side face 10B of the 
substrate 10 in the optical device 20-2 con?gured in such a 
manner as seen in FIG. 8 in the parallel direction (dx direc 
tion) to the surface of the substrate 10 in contrast to that in an 
alternative case (A2) Wherein the ?rst and third grooves 13a, 
130-1 and 130-2 are not formed. Since, as seen in FIG. 9(A), 
in the case (A1) Wherein the third grooves 130-1 and 130-2 are 
formed, the diffraction spread of light in the dx direction can 
be increased in comparison With that in the case (A2), the 
range Wherein the intensity distribution is comparatively 
great can be increased in the dx direction. 

Similarly, FIG. 9(B) is a vieW illustrating an intensity dis 
tribution (B1) of the monitor light emitted from the side face 
10B of the substrate 10 in the optical device 20-2 con?gured 
in such a manner as seen in FIG. 8 in the vertical direction (dx 
direction) to the surface of the substrate 10 in comparison 
With that in an alternative case Wherein the ?rst and third 
grooves 1311, 130-1 and 130-2 are not formed. Since, as shoWn 
in FIG. 9(B), in the case (B1) Wherein the ?rst groove 13a is 
formed, the diffraction spread of light in the dZ direction can 
be increased in comparison With that in the case (B2), the 
range Wherein the intensity distribution is comparatively 
great can be increased in the dZ direction. 
By forming the ?rst and third grooves 13a, 130-1 and 130-2 

in this manner, the mode diameter of the monitor light is 
increased and the tolerance of the light reception device 14 for 
the mounting position can be increased greatly in the upWard, 
doWnWard, leftWard and rightWard directions in comparison 
With that in the case Wherein the grooves 13a, 130-1 and 130-2 
are not formed. 

Further, FIG. 10 is a vieW illustrating a contrast of the 
intensity distributions of monitor light on the individual sub 
strate side faces 10B Where four different optical devices 20-2 
are formed such that the distances dY_GW betWeen the sec 
ond groove 13b as the re?ection groove and the ?rst groove 
1311 are different from each other. If the distance (al to a4: 
a1<a2<a3<a4) betWeen the second groove 13b and the ?rst 
groove 13a is varied as shoWn in FIG. 10, then also the mode 
diameter of the monitor light varies. Since the groove depths 
are same as each other, the cutting amount decreases as the 
distance dY_GW increases, and therefore, the NA is reduced 
and the mode diameter of the monitor light on the substrate 
side face 10B decreases. 

Accordingly, the tolerance of the light reception device 14 
for the mounting position When the monitor light is received 
can be optimiZed With the setting of the distance betWeen the 
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second groove 13b and the ?rst groove 13a. It is to be noted 
that, since, in FIG. 10, the mode diameter becomes greatest in 
the case of a1 Wherein the distance betWeen the second 
groove 13b and the ?rst groove 13a is shortest, the tolerance 
of the light reception device 14 for the mounting position in 
this case is most preferable. 

In this manner, the optical device 20-2 according to the 
second embodiment of the present invention has an advantage 
that, since the value of the NA in the vertical direction of the 
substrate surface 10A can be increased by the ?rst groove 13a 
and the value of the NA in the parallel direction to the sub 
strate surface 10A can be increased by the third grooves 130-1 
and 130-2, the tolerance for the mounting position of the light 
reception device 14 in the vertical and horiZontal directions 
With respect to the substrate surface 10A can be increased by 
a simple con?guration, and adjustment of the mounting posi 
tion can be simpli?ed in comparison With that by the conven 
tional techniques. 

[C] Modi?cations 

The present invention is not limited to the embodiments 
speci?cally described above, and variations and modi?ca 
tions can be made Without departing from the scope of the 
present invention. 

With the present invention, as regards the shape of the ?rst 
groove 13a, the ?rst groove 1311 may not be formed so as to 
cover the overall area of a range Within Which re?ection light 
spreads in the upstream and doWnstream directions on the 
upstream side and the doWnstream side With respect to a 
position at Which re?ection light is cut by the ?rst groove 13a. 
In particular, if, at least at an upstream side position With 
respect to the ?rst groove 1311 at Which the re?ection light is 
cut by the ?rst groove 13a, the ?rst groove 13a is formed so as 
to include a central region in Which the re?ection light spreads 
toWard the substrate surface 10A direction and have a Width, 
for example, of approximately 1/3 the beam diameter in the 
leftWard and rightWard directions, then it can be expected that 
the diffraction spread can be su?iciently increased in com 
parison With that in an alternative case Wherein the groove 
13a is not formed. 

Further, While, in the embodiments described above, in 
order to carry out bias control for the Mach-Zehnder type 
optical modulator, the ?rst groove 13a is provided as a con 
?guration When the output of the monitor light output 
Waveguide 11G is received, according to the present inven 
tion, the con?guration is not limited to this. For example, also 
in a different optical device, the ?rst groove 1311 can be 
con?gured in order to increase the beam diameter of light 
Which propagates along an optical path, and light having the 
increased beam diameter can be emitted even if the con?gu 
ration just described is applied. 

Further, even if the con?guration of re?ection by the sec 
ond groove 13b is not provided, if at least a con?guration 
corresponding to the ?rst groove 13a is provided, then the 
beam diameter can be increased, and light having the 
increased beam diameter can be emitted also in a case Where 
in such a con?guration as just described is applied. 

Further, at the position of the monitor light output 
Waveguide 11G on the doWnstream side, that is, in the prox 
imity of the re?ection position of the second groove 13b, by 
reducing the Waveguide Width, it can be avoided that a higher 
mode from the MMI Which forms the output side coupler 11E 
(refer to FIG. 1) is re?ected by the second groove 13b and 
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propagates in the diffraction propagation region 1011. If such 
a con?guration as just described is applied, then a bias shift 
caused by interference betWeen higher mode light and Zero 
order mode light in the diffraction propagation region 1 011 can 
be suppressed. Therefore, such tolerance for the mounting 
position of the light reception device 14 as described above 
can be increased and the bias shift can be reduced. 
The apparatus of the present invention can be fabricated by 

a person skilled in the art based on the disclosure of the 
embodiments described above. 
What is claimed is: 
1. An optical device, comprising: 
a substrate; 
an optical path formed on said substrate; and 
a diffraction propagation region, provided betWeen said 

optical path and an end face of said substrate, for propa 
gating light emitted from said optical path With diffrac 
tion, Wherein 

said diffraction propagation region includes a ?rst groove 
that re?ects light emitted from the optical path toWard a 
side face of the substrate and a second groove, formed in 
a path of the re?ected light, adapted to partially block 
components of the re?ected light in a depthWise direc 
tion of said substrate. 

2. The optical device as claimed in claim 1, Wherein said 
optical path is con?gured so as to emit light in an obliquely 
doWnWard direction With respect to a horiZontal plane of said 
substrate on Which said optical path is formed. 

3. The optical device as claimed in claim 1, Wherein the 
optical device further comprises an optical Waveguide formed 
on said substrate; 

said ?rst groove is formed on the substrate at an output side 
of said optical Waveguide and is adapted to re?ect light 
outputted from said optical Waveguide; and 

said optical path includes said optical Waveguide and a path 
Wherein the light is re?ected by said ?rst groove. 

4. The optical device as claimed in claim 3, Wherein said 
optical path further includes a ridge optical path formed on 
the doWnstream side in the light propagation direction With 
respect to said re?ection groove. 

5. The optical device as claimed in claim 4, Wherein said 
ridge optical path is sandWiched by a pair of third grooves 
formed on the opposite sides With respect to the light propa 
gation direction. 

6. The optical device as claimed in claim 5, Wherein one of 
said third grooves is formed integrally With said ?rst groove. 

7. The optical device as claimed in claim 3, Wherein the 
optical device further comprises an optical Waveguide for a 
main signal formed on said substrate, and 

said optical Waveguide includes an optical monitoring 
Waveguide adapted to monitor guide a monitor light for 
monitoring the main signal. 

8. An optical device, comprising: 
a substrate; 
an optical path formed on the substrate; and 
a diffraction propagation region provided betWeen the opti 

cal path and an emission end face of the substrate, the 
diffraction propagation region including a ?rst groove 
that propagates light emitted from the optical path 
toWard a side face of the substrate and a second groove 
adapted to partially block components of the light propa 
gated from the ?rst groove in a depthWise direction of 
said substrate. 


